Introduction
Whatever the triggering factor may be, it is generally accepted that mucosal ischaemia and an overgrowth of potentially pathogenic bacteria are the two prerequisites for the development of neonatal necrotizing enterocolitis. The pre-term baby, who is particularly subject to hypoxia and the consequent redistribution of blood away from the splanchnic circulation, whose immunoglobulins are at low levels, and whose phagocytes have relatively low uptake and killing power, is thus particularly at risk. Indeed, DeLuca and his coworkers (1974) , in reporting a series of 19 cases, said that 'necrotising enterocolitis occurs almost exclusively in premature infants with respiratory distress syndrome'.
Consequently, paediatricians alert to this risk recognize the nonspecific early signs of lethargy and abdominal distension and institute appropriate medical therapy on suspicion in pre-term babies, so that in many cases the pathological process is arrested before it has proceeded far enough to allow positive diagnosis. This alertness to the condition in the premature baby almost certainly means that the surgeon sees only the minority of cases in the pre-term child. However, our experience in the Neonatal Surgical Unit in Alder Hey Children's Hospital shows an additional group of patients affected in which the risk is not so well recognized.
Material
During a 23-year period from 1953 to 1976, 51 babies with necrotizing enterocolitis were admitted, excluding those with Hirschsprung's disease. Twenty-four of these children weighed over 2.5 kg at birth, and their mortality rate at 37.5% suggested late diagnosis. In 6 cases we could not identify an aetiological factor, but 2 children had intrauterine problemsplacental infarction and transplacental bleedingand 5 had a history of prolonged and difficult labour; in retrospect these points might have aroused suspicions and allowed earlier treatment. The most important group, however, consisted of 8 children who had exchange transfusions, of whom 3 died; another 3 cases with one death followed exchange transfusions in babies under 2.5 kg birth weight.
Treatment and results
In our series, 5 children died before any effective treatment could be given. Seven children were conservatively managed in the first place and 2 of these died, one of a severe cardiac anomaly and the other of a perforation within six hours of admission. Of the 5 survivors, 2 required delayed operative intervention, the other 3 recovering on medical management alone. Surgical procedures varied from exploratory laparotomy to extensive resection and enterostomy (Table 1) . Of 3 patients who had laparotomy alone, 2 died, not of local extension of disease but of general toxaemia. Four simple closures of localized perforations in stomach or (23) had resections with an enterostomy with 14 surviving; and of the 5 children who had an enterostomy alone, as a primary procedure, only one survived, these being children in very poor condition.
Discussion
The first way of improving results must be in the early recognition of the disease in patients at risk and the avoidance of insults to the neonate, which are known to encourage the onset of the condition.
Necrotizing enterocolitis following exchange transfusion was related to the umbilical vein catheter as long ago as 1968 (Corkery et al. 1968 , Orme & Eades 1968 , and it is regrettable that 10 of our 11 such cases have occurred since 1970. If a baby is admitted to our unit with an umbilical vein catheter in situ, its position is checked as a routine; all too often its tip is found to be lying in the portal venous system. An exchange transfusion performed through a catheter in this position will certainly interfere with splanchnic bed perfusion, as has been shown experimentally in piglets (Touloukian et al. 1973) . It is likely that necrotizing enterocolitis following exchange transfusion would almost completely disappear if umbilical vein catheters with radio-opaque markers were universally used and the catheter tip was invariably accurately placed in the inferior vena cava.
Operative management of neonatal necrotizing enterocolitis is directed to the management of complications. Our results perhaps confirm that single localized perforations can be closed successfully, though they are rare, and that an enterostomy is an important element of most surgical procedures: it provides a method of drainage in the presence of infection and it also ensures bowel decompression, possibly lessening the chance of progressive bowel necrosis. We were not able to relate the type of operation to the survival rates.
Operative procedures in the treatment of this condition are largely indicated for the management of complications. Aggressive early surgical treatment has not been shown to improve results (O'Neill et al. 1975) . Our own figures show that of 11 patients in whom the indication for operation was intestinal obstruction, with or without intramural gas, 5 (450/) died, and amongst 18 patients operated on for perforation diagnosed by pneumoperitoneum, 8 died (44%). But of 15 patients in whom the indication for operation was an inflammatory mass, only 4 (26%) died. These figures, though small, support the clinical impression that surgical procedures play only a minor part in the management of these children; much more depends on the complete decompression of the gastrointestinal tract, intravenous support and parenteral feeding, and appropriate antibiotics. The low mortality rate where the disease had proceeded to abscess formation around a localized perforation possibly suggests that in these babies the natural defence mechanisms have overcome the invading organisms.
One of our survivors, weighing 1200 g, came to us at the age of 4 weeksten days after there had been clinical and radiological evidence of perforation. Drainage of a poorly localized subphrenic abscess on admission and resection of terminal ileum and ileostomy two weeks later, were followed some months later by reconstitution of small bowel and complete recovery. We also have seen perforation of a hollow viscus successfully managed conservatively; free air was shown radiologically but conservative management was continued and the site of perforation only demonstrated some months later by an area of stenosis at the splenic flexure.
However, one cannot rely on spontaneous cure. Gut perforation, whether into the general peritoneal cavity or into a localized abscess, is the result of gangrene of the bowel wall in these children, and gangrene is a surgical condition. The child who does not respond within twentyfour hours to medical treatment, especially if X-rays demonstrate intramural gas, should be nursed at least close to expert surgical facilities.
Three other cases in our series (Table 1 ) emphasize the dangers of wrong decisions with regard to indications for operation: 2 died following a laparotomy alone, and one died of a perforation whilst on medical treatment. In the first 2, the laparotomy may have contributed to their death, and the fact that it was exploratory only suggests that it was an unnecessary procedure. On the other hand, the life of the third child, who died of a perforation whilst on medical treatment, might have been saved by a surgical procedure at the correct time. Like many conditions where the main contribution of surgery is in the management of complications, it is necessary in these very sick babies to avoid surgical procedures if possible and yet recognize at the earliest possible moment the stage when surgical intervention is imperative. Reluctance to feed and abdominal distension in the baby at risk raises suspicion and demands medical therapy. Blood in the stool added to the picture makes the diagnosis very likely and intramural gas makes it certain. Failure to respond quickly to medical therapy may mean that operative treatment will be required and the child should be close to a neonatal surgical unit. Free air in the peritoneal cavity or a palpable mass or oedema of the abdominal wall are positive indications for operation. There remains a rather difficult group of patients whose condition remains somewhat static; in these the recognition of an unchanging loop of bowel on the daily films (Figure 1 ) may suggest a necrotic loop. A sudden drop in the platelet count below 100 000 may also be related to gangrenous bowel, but these are sick children and changes in X-rays, blood picture and biochemistry are only of value when related to the overall clinical picture.
Conclusion
Necrotizing enterocolitis may be the inevitable price that has to be paid for the salvaging of an increasing number of very small pre-term babies; it should not be the price to be paid for exchange transfusion in haemolytic disease.
Management in the first place, and indeed throughout, is by withdrawal of gastric feeding, nasogastric tube drainage, parenteral feeding and intravenous antibiotics. Failure of rapid response demands involvement of the surgeon because urgent operative intervention may be required to deal with complications.
